Abstract: This study deals with comparison of conventional and 4D CT (GE Lightspeed) planning on the tumour control probability (TCP), using the TCP model of the AAPM-Report Task Group 166. In the first step a VMAT treatment plan was calculated (Varian Eclipse 13.7) on basis of conventional CT data. This treatment plan was transferred to the complete 4D CT, which represents the tumour volume in motion. Due to the increased volume and the resulting decrease of tumour coverage the TCP went down from 97,6% to 91,2%. After adding an internal target volume (ITV, ICRU 62) to the conventional CT according to our clinical protocols (1,0 cm cc and 0,3 cm axial plane) the TCP increased to 98,0% when applying the conventional plan to the 4D CT. This finding demonstrates the need of 4D CT for moving tumours in chest and abdomen region.
Introduction
Evaluation of treatment planning is an essential prerequisite for successful radiation therapy. Dose volume histograms (DVH) offer a huge amount of information but are only able to provide a physical approach to evaluate treatment plans. Biological Evaluation is an important tool which takes aspects like cell survival into account. Therefor models like tumor control probability (TCP) and normal tissue complication probability (NTCP) are currently investigated and improved. In scope of this work we adapt these models to different 4D CT Plans in order to examine aspects like type of plan (VMAT, 3D CRT), ratio of breath cycle and comparison to a conventional CT.
Conventional CT and 4D CT data of an actual lung cancer patient have been investigated to gather data for an inhouse developed program written to calculate TCP and NTCP for different planning target volumes (PTV) and Organs at Risk (OAR).
Methods and materials
We collected conventional CT data and 4D CT data with an GE Lightspeed and the RPM system of Varian to gather breath cycle information.
To simplify the 4D CT data different projections have been used. In this case, we used the Average Intensity Projection (AVE) to generate an CT Image with averaged Hounsfield units (HU) for different phases of the breath cycle. This technique is commonly used to generate treatment plans for gating since the probability of presence correlates with the HU values in the AVE. [ . For each of these AVEs a treatment plan has been created using Volumetric Intensity Modulated Arc Therapy (VMAT) and Three-Dimensional Conformal Radio Therapy (3D CRT). In addition to that both plans for the conventional CT have been transferred to the AVE of all phases ([0% -90%]) which cover the whole breath cycle representing the whole tumor and organ movement (including new PTVs generated with the MIP to meet the requirements of a tumor in motion). To evaluate these new Plans the same field configuration is used and the TCP is calculated for the adapted PTV.
The influence of these motions can only be evaluated correctly using 4D CT since these information are lost in a conventional CT. This is shown in Figure 1 , where one can clearly see breath induced artifacts created by respiration during image collection.
TCP and NTCP
The Tumor Control probability (TCP) used and implemented in the Matlab program is based on a Poisson's model of radiation-induced cell killing.
Is the probability of survival of clonogenic cell that does not receive any hit (N=0) after the exposure of radiation dose D where are the clogenic cells and is the probability of hit per cell.
The The obtained volume can be fitted by using the following formulas where with n and m are obtained by fitting tolerance doses for uniform whole and partial organ irradiation to the NTCP formula. m is a tissue-specific parameter inversely proportional to the slope of response curve. n varies between 0 and 1 for all organs. Small values of n mean low dependence of the probability with the volume.
(1) is the tolerance dose for 50% complication for uniform whole organ irradiation and is the 50% tolerance dose for uniform partial organ irradiation to the partial volume v.
The following parameters where used in the calculation: 
Results
Our Calculations show that the length of the observed breath cycle which would be used for gated treatment planning has almost no influence on TCP or NTCP regardless of the treatment planning technique. One interesting change of the TCP occurs when transferring the VMAT field configuration for the conventional CT to the 4D CT AVE of all phases. In Table 2 you can see our calculations. The TCP (of the PTV in the [0% -90%] AVE) decreases roughly about 8% which also shows up in the DVH and is especially crucial for the 95%-Isodose coverage which can be seen in Figure 2 . If you add a bigger margin to the PTV (CTV -> ITV (1.0cm cc. 0.3cm axial) -> PTV (0.5cm)) the TCP remains at 98% in the same scenario. This effect doesn't emerge when using 3D-CRT. The TCP remains at 98% when transferring the field configuration of the conformal CT plan to the 4D CT AVE over all phases of the breath cycle.
Discussion
Our studies have shown that it is of utmost importance to raise awareness of choosing the correct safety margin for the PTV which needs to include a sufficient ITV (as demanded in the ICRU report 62). Especially in high-resolution VMAT with its sharp dose-gradiant an insufficient margin for moving targets can lead to severe underdosing of radiation and cold spots in the target region. The conformal 3D CRT has a higher "build-in" margin since the dose at the edge of the PTV is more blurred but it needs to be evaluated in what ways the NTCP would grow with higher margins in interplay with higher respiratory amplitudes and organs moving further. Therefor a 4D CT is highly recommended to choose the individual ITV margin when tumor motion is an important factor (e.g. lung cancer) 
